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Microbial rhodopsins continue to pro-
vide us with proofs of nature’s frugal-
ity. Having once invented a robust
template of a seven-transmembrane
a-helical bundle with retinal chromo-
phore in the middle, it kept duplicating
and tweaking it to create a multitude of
new functions. In the last decade, it
was established that microbial rhodop-
sins can serve not just as ion pumps
and photosensors, but also as ion chan-
nels and light-activatable enzymes.
The design is very minimalistic—
absorb a photon; isomerize the retinal;
and use stored energy to produce func-
tionally important conformational
changes in the protein. Amazingly, it
often takes only a few mutations to in-
terchange functions completely, as was
shown for conversion of proton-pump-
ing bacteriorhodopsin (BR) into chlo-
ride-pumping halorhodopsin (1) and
into sensory rhodopsin (2). We have
also learned to appreciate that micro-
bial rhodopsins exist not only in
halophilic archaea, but are, in fact, om-
nipresent, being found in numerous
marine and freshwater bacteria and al-
gae, as well as in the majority of fungi.
Channelrhodopsins, originally found
in Chlamydomonas reinhardtii, and
later in other algae, represent a new sub-
type of microbial rhodopsins that work
as light-switchable cation channels and
have photosensory function in vivo
(3–5). Channelrhodopsinswere quickly
and enthusiastically adopted by the
neurobiology community as optoge-
netic tools allowing fast light-con-http://dx.doi.org/10.1016/j.bpj.2012.12.050
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While many wild-type and mutant
channelrhodopsin variants from differ-
ent algal species continue to be ex-
plored and optimized for use in
optogenetics, understanding of their ba-
sic structure/function relationship lags
behind that for classical haloarchaeal
rhodopsins. Even though the structure
of chimeric channelrhodopsin is avail-
able (7), the exact mechanism of ion
conductance, gating, and selectivity is
still under investigation. Moreover, the
evolutionary pathway by which BR-
like proton pumps were converted to
cation channels (including those for
protons) is not clear.
The article by Sineshchekov et al.
(8) in this issue tries to catch nature
in the act of making ion channels out
of proton pumps by analyzing photo-
electric responses of several wild-type
and mutant channelrhodopsins ex-
pressed in HEK293 cells. By observing
voltage- and ion-dependencies of dif-
ferent phases of the photocurrent,
they can disentangle intramolecular
proton transfers from the transmem-
brane channel currents. In BR-like pro-
ton pumps, the key proton transfer
proceeds from the retinal Schiff base
to the primary carboxylic acceptor
(Asp85 in BR), and channelrhodopsins
conserve this carboxylate as a gluta-
mate. The big question is whether
this glutamate still serves as a proton
acceptor in channelrhodopsins, and if
the light-induced proton transfer from
retinal is required for the channel func-
tion, possibly serving as a gating event.
One could expect that the situation
will be reminiscent of another protein
family combining ion channels and
transporters (CLC), where protonation
of specific carboxylates is often clearly
required for chloride channel gating
(9–11). In fact, the answer given
by the article (8) paints a more com-
plex picture, which opens up a very
interesting evolutionary perspective.
It appears that the relationship between
the intramolecular, BR-like, light-
driven proton transfers and the ionic
currents is not the same for all of thechannelrhodopsin variants tested.
Poor channels (the ones with low
conductance) exhibit robust intramo-
lecular (pumplike) proton transfers,
which, on the contrary, seem to be
strongly decreased, or altogether abol-
ished in good, high-conductance chan-
nels. It is possible that this inverse
correlation of the rudimentary proton-
pumping behavior with the channel
conductance gives us a snapshot of
the evolutionary transition between
the two important functional classes
of membrane transporters, active
pumps and passive channels.
There is an additional twist to the
story. The authors also showed that
the second carboxylic member of the
Schiff base counterion, the supercon-
served homolog of Asp212 in BR,
may be indeed very important for the
channel gating and ion specificity,
and may serve as an alternative proton
acceptor (8). Thus, the CLC-like gat-
ing by carboxylate protonation may
be present in channelrhodopsins as
well; it just does not necessarily use
the same proton transfer pathways as
in good old proton-pumping rhodop-
sins. The full sequence of intramolecu-
lar proton transfers in the photocycles
of channelrhodopsins and their rela-
tionship to the channel opening and
closing remain to be elucidated, but
this article, together with a number of
other recent works (12–14), gives a
very good and thought-provoking start
to the process.REFERENCES
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